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[0 0 0 1 1 
10 0 0 2] 

[0 0 0 31 

#§^¥9- 1 8 4 8 0 0-i-2r# 
[#W^jtijt2l #W 2001-17870 8-^<&^ 

i##W':5;i^ll H.Eda et al., "Multichannel time-resolved optical tomographi 
c imaging system". Review of Scientific Instruments Vol. 70, p. 3595 (1999). 

mmm^ L i d i- & BiSl 
10 0 0 4] 

I3v^;g>^?£. ^^}i'y(.%KM't^^m^<Dnm^mim^mm-t^WNi^^^^ (trs 

^ : Time Resolved Spectroscopy) x ^h^^^it^m^^mmi-^it^^M^ytm (PMS 
^ : Phase Modul at ion Spectroscopy) ^j: if tJ*^ ^ fiX V^^o C:tL*b0^t)s TRS^ii 

[0 0 0 5] 

ifctJ&^&o t^w. P^-r^^^>'^;w«:ia®$-&TBB-gL^:ir'g-lc{i, -^^ V^^^JW^T- 
10 0 0 6] 

10 0 0 7] 

m^(Dim.m^m'cmiii-r^'>-^j:< ti> ii@opfe^m#^^'etL-g'tL;&-t^N'(@ (Nii2 
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[0 0 0 8] 

10 0 0 91 
10 0 1 0] 

10 0 1 1] 
[0 0 121 

^tc?ti^-r<2)C:i::6«-C§^o i<7)^^ 5 V^J^P^Pilcov^-Cli. lOOnsec^T 

<^MPS^ -^X-t^SO^eOnse c oraPili:-r'& i:7&«$ e> * Lv»o 
10 0 131 

Mit^^om^trov^Tli. Ntl05feMlt^^t^:fev^"^. -g-tt-rttl-ISO^feMW-^S 

iznvx-^^)i^y^itimf^-t^ xd iziim<o^Mi!)^nw^fifzm^'^^^^^ ^ t-^x^^ho 

[0 0 141 
[0 0 151 
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10 0 16) 
[0 0 171 

o 

[0 0 181 

[0 0 191 

iSI ^ V? i - ;v ^ >(i X. t: V > ^ o 
[0 0 2 01 

^IftSij^v^-JH ii. .TO^n-^1 1 tf^M^^^x ^It^tBT'n-ye 
1 'S:'^tp^l^*^ttti#^t> ^25^ffi^n-r7 1 ^#tr|| 2 3fc^tb#^i: =£:>tLTV^S 
„ B^lt^n-yi l{i. mSLM^^SM (I1I2#HS) iiriS^^a/cMBtil-^MPiol-M 

^iiS 0 7&*^7T>f>'^**i^•«^^^^^^^U■C^?li^$tL^ itLlcJ:oT2|s:tt-iBiI^yi-;H 
tc^it'5)MM#^75««^:^tL-cv^;z,o ^iiS 0:*-i^«^^^/;;3^^^S«<^^■^•-'^^*^i^ 

[0 0 2 11 

;^myn-r6 ifi. ftSLM#SM±l^s£^$tL/i^l3fe^mfa:SPiil^*tf^ifi^ 
JR# S MO F«3S|S «r <5aS: L «: i^m-r ^ ^ * 6 0 7 r ^ t'cO:)fc^^. =Sr 

[0 0 2 21 
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4/ 



[0 0 2 3] 

2. 7 2. A/D^m^6 3> 7 3. ;>(*U6 4. 7 4 :i&*^lt ^ tLTV^So ^:^r*bO|ll^ 
[0 0 2 4] 

-fi-^^Staiili^ 6 2. 7 2(±. ^^mS6 0. 7 0 *^^<^1tffi'»-^t-ML> 

SI1IK6 2. 7 2 li> '^Jx.(^1112 ir^-Ti ^ IC. XtlL7t^l'i:^^m'te-^t ^ ^^'fS-i- 
t^^^SUi-^S^felS^SIJ^ (CFD) 62a. 72a. RXfWmmWi^MBK^^-r 
-mm^n^ (TAG) 6 2 b. 7 2 b^-^«^i-^i t**t?#-So 
[0 0 2 5] 

^fc. A/D^^^6 3 . 7 3 f±. M-f-^JOiSlllj^e 2 . 7 2 /^^ibOE^'fl-^'Srr'v^J' ;V 
{i-^'vii^mi-^o -e-LT. A/D»f^6 3. 7 3 75-'bmlJ$:}^^c■7'S?^5';^>fi■^{i. 
^Ix-PtLty^ h^^^A^^y 6 4. 7 4 lc;fe^$tu-C. :^aj^<^^F^^M?fe?^<7)^^. 

7 0i:L-Cl±. 1112 Ic-ERI^i-S^femTiif&l? (PMT) ^"7 ^ h iT^f :t- if. 

[0 0 2 6] 

-^8 1 ^^ijmi^^m^mt^ ^2^ffi7'n-:/9 1 ^'^tf^2^^m¥^fc^^L 

S^tLTv^;|)o S/;. i«0Mlt7'n-y2 1 liti. /^°;^>?.5^;^!f.3 0«-7 r ^^^'#^:^/^L 
■Cgl^^tL. ^:tLlcj;oT:^ft«iJ*vi-;V2lwi5lt^^Mit¥^^**«^$iT''Cv^So -f 
2|5:^ife?^^lw:j3V>Tti. l'(®0>''?;V;^5fc?ii3 0*«2>|@cdM^>^^->'H > 2 13 

[0 0 2 7] 

tfz. tt-il!l^vJL-;V2tC:j5V^-Ctt. ^li 3 0 t fil#-/n-r 2 1 t (OWIC. ^1113 0 
;0-<btti^$:?^/^^^°-'^^^=SrBffa^^ATfi^tM®§-fr^^«^2 2 -^^nif hiXX\^^^ o 

M3 0;&-(btt*&^:fLyi^^i&s<7)/N°;v;^^{i. ^■7T-^/^^ 3i&3iM§f2 2. ^siu'W:^ 

[0 0 2 8] 

*^ffl-/n--/8 1(4. mM#SMJi(c^^$tL/;^l^^mf4SP2i(3^L-C@B^ 

^$tL. cfiKX':^xmi^mm^mmm^fi'-^^^^o wc.^mi$.su<Dtm&^m:T 

-8 1 a7&-'lSM$tL-Cv^^o 
[0 0 2 9] 

mmK. Jg^m-Zn-T-g H4. t!i:«iDl^SM±H19:^$tL/^^2^1^m^«P22(c^ 

^fhLT^ii^tL. :ifiKX'oxm2t/t^m^^^mm,^fix\^^:ho nMU^sucotft^ 
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^--J : 5/ 



[0 0 3 01 
[0 0 3 1] 

[0 0 3 21 

^3{i> Ell tc^b/;t5cMiR#tt-iM^S<^fii<^^^1"^^ ^ ^ 
113 (a) {iftild^v^^-^l^ 1 > 2 ^r:feV^TFIl^:&n^^^°;^>^^=S:75b^_la 3 (b 

[0 0 3 31 

:^mmMmhzid\^^xit. vv-^'m^s oii. ms (a) ~ (c) Kmrnstox-TT^-rxo 

[0 0 3 41 

M#:SMliMlt$tt^o ttz. ti-«9^>'i-;V2-^fi. :5fcilM^2 2-e^5£^MAT/i 
3 (a) ) o 21@<7)tt-i8ll^i^^-;v 1 . 2 i::MJ^:«-t^ .TOT'n - y l 1. 2 

[0 0 3 5] 

^Lii (112#RS.) '^ilo/z^^!9-76-^^m-/D-^6 l^tiiJ5ib> 6 0 t:: i: o 

-Ci^ffi^tt^o ^^m^6 01?^ffi$tL/c^m«-^liCFD 6 2 a--^'b:}x> CFD 6 2 

(b) ) o ^mm^7 0Kx^tftmLi2^m^tz^^^<^^ii!'tmm.K^t>fi^o 

[0 0 3 61 

2tl*l-LX^ .TO^n-:/! l :6*(b<^>'-«;l';^^Ai<^,TOiJ^ ^ ^^^t-I^WLfcBff^*^*^ 
5 >^'C^*r^mi-*/;:i60 h U ?!f>li-^^^H3i-^o t^Dx-ff. CFD 6 2 a^^i^^^ 
^WM-i-CiA^TAC 6 2 btcMLTT;^- h'fi^iiLrA^tl^ttTV^;!.^^. hv^'ia 
1^5 Oli> TAC 6 2 bT-;?. b y -^m"^ t VXm^^hM^-^}l':^^Ai(DmM^ ^ 
>{»-^^P^Toffltil:f^./^V V:^''#^Bi=^^mi-^ (03 (b) ) o rtLirJ:«3. ^^ffi^ 

[0 0 3 71 

JiiV^-C. ^2ftTlO^>^^-;V2tC;feV^TffBSt7'n-"/2 I -A^h^^JV^^^AzitrnM^fL 
m^fi&o ^=^mf^8 OT'^ffi^tv/c^m'fi-ttiCFDS 2 a--^^tt> CFD 8 2 a{± 

^^}vy^itA2<omM^ ^ ^y'i^i!)^hm^T2fzifmi^tzi^ti^^m^C2^mti-t^ (113 (c 

[0 0 3 81 
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6/ 



v^^tL;5> >';*'€#B2> =^mmi-^ (HIS (c) ) o :ifnzx^. ^^&i^SOt-h(D 

i^mm^. w^^m,^ 9 0 ^ (D^mm-^idmm^mtfm $ o 

[0 0 3 91 

^Mr^Mii^^hfi^o ms (d) l-:feV^T{i. -?-<^'^ t LT^ Hi 3 (b) ^^75 L/citSlJ^ 
[0 0 4 0] 

t/c. H 1 -HIS t3i3v^-C{±, mM-<0fzib^ ftpj^yi-;v<7)<i^^ 211^ L-cv^;i,7&^ 

[0 0 4 11 
[0 0 4 21 

Hl-HSl^^t/cffiH^g. Rmimmmz.i3\.-Xi±^ MM-/n-y=S:#trMM¥ 
a. :S.U^'i^ffl n - -r^^ts^^m^m- h «^ ^ tiTtttPJ ^ v ^ - =Sr^M^Mi- ^ 
i t i; o T , mi^r- ^ Ofl5l#^3&Wtg^ ^ > ^- ;w-e(^t^SL®lJlX#StiiJ>6^^^$ tt 

[0 0 4 31 

i^^h^ 4 ^>^xfr^ ^tbLX\^^^o :ifiK2ii^. m^-t^-^^>^}^<oW^M^'^^- 
2 7&«t5[SLM#SM±T?a®LT@B«$tL^^^t?*o-r^), v^'.;vr^-eOi5' 

M ^fi' ^ ^ **nrtl 2: * o 
[0 0 4 41 

4'f@<^fi-«iJ^>^i->'^ 1 A~4 A7&«)£^SBS^^i'^w«^^^^r^l-'CV^^o itt<bOfta!l 
A~4 A0 9*>. :fe±OttiaiJ^5^^-^H AJ±. RSItT'n-'/l 0 0 fc. 
j^yn-yi 0 0 =l:*^C^fc't*iE:i^^<^^IB,'^t^iefi^^5^':41@(D^m-/n-:^l 0 1- 
10 4 tiy^Lxm^^f^x\^>^o tfz. ^TothaiJ^v^-;v2 A. ^±cDti-iliJ-=Ev'i 

[0 0 4 51 

WS.t/^ffif±l^^l-^Tt>tL^i UV>o L>0-L:&**^. 114 ^C7?:L7tJ;^'S:^^t? 

t±. tftlJ^v^^-->^l A~4 A-t?(7>#RB|;]-yn-y:*-ibO/N-;V7>^<^»=lr|Wj^lC^ i: 
. t1-M^vj--;i'2 AicJil-;g>^m-/D-yod*>-t?ItiliJ^->'^-->vi Alilti^ 

M1-S3^ffi7'n--:/2 0 1x20 Stwli. H-iM^v^^-JV 2 AWHgltT'n--:^ 2 0 0:*^^ 
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L J , ^ ^ ^ -e<7) n ;^ h - rJ' ^«^^-r ^ o 
[0 0 4 61 

.tl)^ 115 (a) ~ (d) \zm^\^7^'f%^nx-(Dmv^<r>^ ^ ^yv^'^-y^m-t^o 

° [0 0 4 71 
[0 0 4 81 

mx.\t. us (d) lc^L/iJ:^^:1tm^<^«#^F4^»»*#^:^fe^ tTfi. ti" 
('Rlx.lf^ H.Eda et al.. Review of Scientific Instruments Vol. 70, p. 3595 (1999). 

[0 0 4 91 

[0 0 5 01 _ 

^ (2'|i<^)thi|Ij*-:^:3^-^V) (^rat?OfiB#t^'-f 5 ^^^(TJF^IiSAT* 1 S 6 cmTt-f-'^ 
^ fc:6«§f^ Lv>o dtLliii?. 'Mx.(f^#MJV^;l' 0 0ms e cm±) 'S: if c^tS: 

5&s-e§;2><, ^f^. CK^iS'-f ^ V^^f^HATlwOV^Tfi. l 0 0 n s e ci^l.TO^PS^ f^x. 
{f50~60nse c OlSPg ^ t f> * Lv»o 
[0 0 5 11 

[0 0 5 21 

t£^. #M 2001-17870 ^%<m (#tt^:tm2) l-{±. ^itO^!lM^S« 
[0 0 5 31 
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8/ 



10 0 5 41 

RX/m7 (a) ~ (c) {i> tfeMJR#l3**1-Stt-iffl^y :r-;vogE§Ofl&<^^ 

=Sr^-r!l-e*:i)o ^ 6 tc^-r^Jj^^aj-eti^ I114ti^L7tWl-i8!l-=Eyi-;H A~4 AtM 
<5D'li^=^^i"'& 4106011-111]^ v^i-;V 1 B~-4 B7^^ SV^IC— i)-^-? J: ^ i'Seg:? 

[0 0 5 5] 

117 (a) ~ (c) -cti. tfmM0.<DW(.^m.ui^tLx&i^(Dmu^B^^fc^^(Dn 

^ o 

10 0 5 6] 

1117 (a) om^mxii. iE:^nj^<D-fu--:fmw.'S:^-r^2mmfm'^i^^-)^ic 
, 2c*^ ^x3 7.Y-:^i!i^mmtfj:h^j:\'^%^^j:mmi^^^-^mm:^nx\^^^o tfz. m 

7 (b) (Om^MXU. jES^?i^(0'/n--7'SB§?r^-t-'2> 2^<^ti-il!l^v^-;H D. 2 
D**. Sv^t;— giJM^ ^-^^ J: ^ tc|BM$tL-Cv>;5,o tfz. HI 7 (c) o«^^-e{i> ft 

[0 0 5 7] 
[0 0 5 8] 

->^-;^^--T?JS3fc=S:fi^^-i:*««^t Lv^o 'J^'-x .f i5^^i|t|=g:>iiix.^jt^ffill*'lse 

m#(7)i(l<^=^#Jh$-tir^«t d Mlj1^=S:^f£t^J.v^o r-x -f li. PM 

T^mKir^b. ti-tl!lic^v>-rm^e<jtcPMT=Sr;^'f y-f-^^b-c. ^M<^I^ISipiO'fi-i- 

m.-X^£%xm-himm^-^%m-r:h:ih-i:i^X^:^o tfz. -^^(D^mtii^tVX. 

[0 0 5 9] 
[0 0 6 01 

^yx^^o ^:<7)i5^7 7tC;fev^T, (channel) ^> 

(log) 4r^LTV>;5.o t/c, ^^9 7G 1 {iMW^«-^^ttiMFBl<^fi£g|=4 cm 
X-<75»7'-3'^ ^^77G2ttmfi|=6 cm'C<^^St?^T'-^'^ 7 G 3 {4BESt= 8 c m 
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is, mWt. 2 0 0 0 c hi)'^m 5 0 n s e c »'ffi^L-Cv>So 
[0 0 6 1] 

;L(Di&^r-^X\t. t5:mID^#:^^,W-r^^^°^V^3fei: L-r. ?&S760. 800> 8 
[0 0 6 21 

^i^C0t^i|lJ=S:fi'^^<^MM^i«-^^^^ifi[«F^<^m^^±^ -^x-tf 2. 5 cni~4 cm 

n-y 1 0 1 cm. ^^-f-Sftflij^ v^-:^ -^i' 2 oBS|t-/n 2 0 0 t^ffi 

T'n-^l 0 1 i:<7)SE^^ 6 c mt^^ fc. HI 8 <75i^9 "7 G 1 . G 2 fe:^^^ J: ^ I*. 
KSItT'n-n 0 0. 2 0 OTb-hmn^z^-^)l^:^^^mMl^-ftm^iZii, il^i-^MJ^v 

[0 0 6 31 

^tLic^L-c. Mx.{f^^-r^tt-iM^vi-^>2 oBB|^7'n-:r2 0 0 t^m-f^-y 

1 0 1 i:<^m^^8 cmJy.±fc-t-tL{f. n;^ h - ^ c7)J^#{±1g:M$tL;z>^^ — :^X'ftiliJ 

10 (a) Ic^-Ti^ t;i^^-t*ti-«!l^i^^-''H ^ 2|Wl±75*^f ^^vMiiai 
0 (b) ic^-r J: ^ t'il«-r^ftil«^v^J^-^H ^ 2m±i!)^—UM^^^^^'kiZii, IE 

[0 0 6 4] 

mk.i^. mi 0 (a) 4 cm8|tL/^j!8#t-/n-y2 0 0*-lbO^75«, 

3^m-/n-^l 0 1 tC;feV>-C|gl 1 1 (a) ^ ^3ti-^BlJ^:^^;|.o ^tLlcMU 

-cm 10 (a) K^-rmmz^^^^x, mMionwi'^p^-^^xm^zmmtm^tri 1. 

miomzXM, B^lf/n-7'2 0 O^e^-ibcT)^**. ^ffi^o-:/l 0 1 ICjav^Tfim 1 1 
^'-f 5 >'^^(^^PS=^it«J (f?lx.{f5 0 n s e c) tr^^ tT^^ItiU*^!^ t J: l9 . 

[0 0 6 5] 

±^\.fznmmmRV'nm-^mz^^^xm\^^hfi^ t RsmKi:^miimu^<o 
\Humm.mfm. Rv^^<om.^MK^^^x, ^#tri3it^m*'fb^^^°i^> (Hb02 
) nr^mMBit^'^i^^^y (Hb) (D»mMm'S:mtLxm^ir^o 

[0 0 6 61 

x%<Dm:^^^ y)i^^m^£^fzit>. ;ifLtmmvxm^i^K&^^<^Mmf^mi,z^^^x 

[0 0 6 71 

^^^m. MK-ii. ?feft7 0 0~ 1 10 0 nm<D^) ^ffiv^irtf. -eo J: ^ *3taS3fetfiB!l>&* 
[0 0 6 81 

^#:jffl.^^^i®U/i5£55%^7fcl'*|-i"*®l^iKA{i, Beer-LambertSO^JSffl LT. 151JJJ1> 
TO (1) ^(DX^KWi^fi^o 
[0 0 6 91 
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^-v : 10/ 



^ = log(/o//) 
= {sHto, [HbO^]+ Sj„,[Hb]}L + S . - . (1) 

[Hb02] {±m^'fb^^i5^aif'^Ojfe;K. [Hb] liM^'fb^-=&i^a^*>^ 

^ n tr > c7)jftJS ^ » ffi-r ^ ^-a- > iS^^I-^'SJtrt * ;i> < o 

P>tL;S,o HI 2lC{i, -eo^Rlh L-C. 7 6 0 nm. 8 0 0 nm. 8 3 0 nni<7)3o0^ft 

[0 0 7 0] 

[0 0 7 11 

^<0«t t:i*5lt*5fe^KR ip, t) fi^ (2) ^-e^^tL^o 
[0 0 7 21 
[ic2l 



R(p»i) = (4;^c) ZqC^'^ exp(- //^c^exp 



2 , 2^ 



(2) 



ivl-C. <o (cm) «i|^m^<7)M. t (sec) tLT^-ibO^ 
D (cm) {±*£tlc#!^D= l/3)«s' > ;/s' (crn'M immmi^M. c (cm 
/sec) lii^S^'T-OjfeO^S^. zo (cm) lizo=l///s' ^ //a (cm"^) tiM 

[0 0 7 31 ^ 

om«s&Jt<^^*'Sr2>^C7ct/ili3^fc7nfi<llc:**SCi:*«@^<^?lot3&o-Cv^;5,o ^fcC 
Tl±. P ET^ f MR I ^^lwJt-<-Cffi'g, ;6-o##St'iti!LTOTmtg'Stlift 
^»f:^?*i: LTi^B^^xTV^;2.o ^<^J:^^7fc-7-;'ii°>'i5^ ( 2 ^Tct T^^ti 3 ^TC^Sr-^tf) 

[0 0 7 41 

i-i^97-e^*o c<^iJ^7 7Hi3v^r. ^ttfiB^^t (ns) ^mi^> Mii^m^tLS 

^3^S (a. u. ) *^LTV^;5>o ^ ^^^^^f*- ^ t-:fe3V^t:. t = ti = 2ns-e 

<DmM^^ 1 2 = 8 n s X(D^m^^. t 3 = 2 0 n s -eOBtF^^^^-etL-rttSS^ 

ffilEilf 2004-3083610 
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10 0 7 5] 

lll4ii. (a) t = ti. (b) t = t2, 2iy^(c) t = t3-C^tti$tty^^^^tc 
10 0 7 61 

»^^«'fbi-'i>o *#e*Jtc{±, 1114 (a) ~ (c) t-7Ki-idt^^ t 7&-*j1< 
[0 0 7 71 

m-r^o ClCl-Ctt. lai 5 (a) tr^-f yn--;riBgici3V>-C. mSLM^-tt^^^^ tt 
/i3o(^ftTl!lf4*Po. Pi> P2'Srfflv^/iftil!l«:#x.^o :ifih<Dsfm^Wt. Pl^ Po 

> P2<^)Jll-el^^m^^^^•^v>*o 

[0 0 7 81 

^fix^^^^mmib-hm^ dtxomM imim) Rit. d&.±<Dm^ {m2m) R2 

mKiS^^X^<D0:&i(f^hi^\^^<omM7kiZMfBLXn^-^fi^o 
[0 0 7 91 

^■t:h^ti}^x^tj:\,^fztb. mi5 (b) . (c) iZ7^-r X ^ tmitLmm<^mm.^^ 

Pi. P2^7fe^mMtLT. MSJt<jz:«-3fe^tBMWOiESI?rfe<i-^o — 
^v>^itR2l'ov>Tfi-«8=£-tTd Pi^&MiiW. P2=S:^^ffiMi: LT. :)fcPB 

[0 0 8 01 

m^-r^^tizx^xw^^mWi^MMi-^^t-fy^'^-^^o vtz-^^^x, mis (b) . ( 

d) K^-rx^iZ, PotrHtrnm^m. Pi> P2=Sr:5fe1tm^ei: t/wRI-(OlSe<^t*-e 

, ^^Ri. R2 0^;^^-rtL^zov>•c|wl^^ct^ii'^:^fT^ ii:^^t?§^o i<7)J;dt^. trs 

[0 0 8 ll 
[0 0 8 21 
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